In the ranging area, two rows were made by using fishing nets (one for free-range and other for semiintensive). Fresh water was ensured ad libitum through manual drinkers. For the protection of the birds wire-mesh enclosures 2.44 m high were installed surrounding the range area. In free-range and semiintensive systems, birds were given access to vegetation and drinking water from 0600 to 1800 hours and 0600 to 1200 hours, respectively. The latter was offered with 50% grower ration in the evening.
In the intensive housing system, birds from both sexes and three crossbreeds were managed in a well-ventilated poultry shed in a battery cage system (FACCO, Poultry Equipment-C3) and were fed commercial grower ration as per the recommendations of the NRC [13] . The daily allowance was increased corresponding to their growth and requirements.
Parameters studied

Morphometric traits
During the growth phase (7-16 weeks) , morphometric traits of each sex were measured on a weekly basis. Data were recorded with the help of a measuring tape (FT-070, China) regarding body, shank, keel, neck, drumstick and beak length, shank and drumstick circumference, wingspread, and body weight, which were recorded with the help of an electrical weighing balance (Wei Heng, China).
Carcass characteristics
At the end of 16 weeks, 54 birds (27 cockerels and 27 pullets; 3 birds from each treatment group) were randomly picked and slaughtered in a halal fashion to record the carcass characteristics of live and dressed weight, dressing %, and weight of giblets (liver, gizzards, and heart), breast, drumstick, thigh, and wings [15] .
Statistical analysis
Collected data regarding welfare, growth, and carcass traits were analyzed by two-way ANOVA technique assuming genotypes and housing systems as main effects. Data were analyzed separately for males and females to assess the effect of treatments within sex. GLM procedures were used in SAS software [16] , and significant means were separated through Tukey's HSD test [17] considering significance at P ≤ 0.05. The following mathematical model was used:
Y ijk = µ + β i + τ j + (β × τ) ij + ϵ ijk where Y ijk is the observation of the dependent variable recorded for the jth housing system in the ith block, µ is overall population mean, β i is effect of the ith block (i = 1, 2, 3), τ j is effect of the jth housing system (j = 1, 2, 3), (β × τ) ij is interaction between block and housing system, and ϵ ijk is residual error of the kth observation on the jth treatment in the ith block, NID ~ 0, σ 2 .
Results and discussion
Morphometric traits
Morphometric traits differed among housing systems, genotypes, and their interactions (Tables 4-7) . Regarding males, mean keel length, drumstick length, drumstick circumference, shank circumference, beak length, and wingspread differed significantly among genotypes. Keel length was maximum in BNN chickens followed by NN and RNN (P < 0.0001). a-c Means in a row with no common superscript differ significantly at P ≤ 0.05. 1 Values are least square mean ± standard error. RNN = Rhode Island Red × Naked Neck; BNN = Black Australorp × Naked Neck; NN = Naked Neck; FR = free-range; SI = semiintensive; I = intensive; BL = body length; KL = keel length; DL = drumstick length; DC = drumstick circumference; SL = shank length; SC = shank circumference; BKL = beak length; WS = wing span. a-e Means in a row with no common superscript differ significantly at P ≤ 0.05. 1 Values are least square mean ± standard error. RNN = Rhode Island Red × Naked Neck; BNN = Black Australorp × Naked Neck; NN = Naked Neck; FR = free-range; SI = semiintensive; I = intensive; BL = body length; KL = keel length; DL = drumstick length; DC = drumstick circumference; SL = shank length; SC = shank circumference; BKL = beak length; WS = wing span. a-c Means in a row with no common superscript differ significantly at P ≤ 0.05. 1 Values are least square mean ± standard error. RNN = Rhode Island Red × Naked Neck; BNN = Black Australorp × Naked Neck; NN = Naked Neck; FR = free-range; SI = semiintensive; I = intensive; BL = body length; KL = keel length; DL = drumstick length; DC = drumstick circumference; SL = shank length; SC = shank circumference; BKL = beak length; WS = wing span. a-b Means in a row with no common superscript differ significantly at P ≤ 0.05. 1 Values are least square mean ± standard error. RNN = Rhode Island Red × Naked Neck; BNN = Black Australorp × Naked Neck; NN = Naked Neck; FR = free-range; SI = semiintensive; I = intensive; BL = body length; KL = keel length; DL = drumstick length; DC = drumstick circumference; SL = shank length; SC = shank circumference; BKL = beak length; WS = wing span.
10.42 vs. 9.93 cm; P < 0.0004). Higher drumstick length was observed in semiintensive and free-range birds than intensive system (11.98 and 11.93 vs. 11.46; P = 0.0468). Drumstick circumference was maximum in free-range and intensive birds as compared to semiintensive birds (7.86 and 7.65 vs. 7.38 cm; P = 0.0028). Higher beak length was noted in intensive and free-range birds than semiintensive birds (3.26 and 3.23 vs. 3.13 cm; P = 0.0043).
In the interaction between genotypes and housing systems, significant differences were observed regarding keel length (P < 0.0001), drumstick length (P = 0.0002), drumstick circumference (P < 0.0001), shank circumference (P < 0.0001), beak length (P <0.0001), and wingspread (P = 0.0027).
Regarding females, significant differences were observed regarding keel length, drumstick circumference, shank circumference, beak length, and wingspread. Keel length was higher in BNN than RNN chickens (10.45 vs. 9.55 cm; P = 0.0078). Higher drumstick circumference was found in NN chicken as compared to RNN and BNN (8.07 vs. 6.65 and 6.48 cm; P < 0.0001). Shank circumference was higher in BNN chickens followed by RNN and NN (P < 0.0001). Maximum wingspread was recorded in BNN and NN chickens compared to RNN (8.29 and 8.21 vs. 7.55 cm; P = 0.0020). In terms of housing systems, significant differences were observed regarding body length, keel length, drumstick length, drumstick circumference, and shank circumference. Body length was maximum in semiintensive and free-range birds compared to the intensive system (57.79 and 55.74 vs. 52.94 cm; P = 0.0005). Higher keel length was found in semiintensive birds as compared to the free-range system (10.47 vs. 9.52 cm; P = 0.0046). Drumstick length was greater in intensive birds than free-range and semiintensive systems (11.66 vs. 10.47 and 10.36 cm; P = 0.0007). Higher drumstick circumference was observed in free-range birds as compared to intensive and semiintensive systems (7.42 vs. 7.03 and 6.75 cm; P = 0.0017). Shank circumference was higher in semiintensive and free-range birds than the intensive system (3.54 and 3.52 vs. 3.25 cm; P = 0.0028). In the interaction between genotypes and housing systems, significant differences were observed regarding body length (P = 0.0004), keel length (P = 0.0003), drumstick length (P = 0.0017), drumstick circumference (P < 0.0001), shank circumference (P <0.0001), beak length (P = 0.0467), and wingspread (P = 0.0174).
The present study aimed to explore the genetic potential of different chicken genotypes under alternative production systems. On an overall basis, birds reared under free-range and semiintensive housing systems showed improved keel and drumstick length and drumstick circumference. Regarding genotypes, improved morphometric traits, i.e. keel and beak length, drumstick and shank circumference, and wingspread of BNN and RNN chickens, could be attributed to the genetic basis. This corresponds to the findings of Fadare et al. [18] , who found variation in morphometric traits among Naked Neck, Frizzled Feathered, and Normal Feathered birds crossed with Exotic Giri-Raja chickens. Similarly, Qureshi et al. [19] reported variation in morphological traits among different varieties of Aseel chicken breeds in the Hyderabad district of Pakistan. (Tables 8-11 ). Regarding males, significant differences were observed in carcass traits among different genotypes. RNN chickens had the highest weight at slaughter as compared to BNN and NN (1491.12 vs. 1390.30 and 1333.76 g; P = 0.0009). Dressed weight was higher in RNN chickens followed by RNN and NN (P < 0.0001). Higher carcass yield was observed in RNN chickens than NN (58.55% vs. 54.56%; P = 0.0145). .50 g; P = 0.0002). Higher thigh weight was observed in BNN than NN (157.86 vs. 133.12 g; P = 0.0148). In terms of housing systems, significant differences were observed regarding weight at slaughter, dressed weight, carcass yield, liver weight, gizzard weight, breast weight, intestinal weight, and intestinal length. Birds under intensive and semiintensive systems had the highest weight at slaughter (1498.02 and 1482.78 vs. 1234.37 g; P < 0.0001) compared to free-range birds. Dressed weight was higher in semiintensive and intensive birds as compared to the free-range system (829.78 and 829.05 vs. 729.87 g; P = 0.0007). Higher carcass yield was found in free-range birds than semiintensive and intensive systems (59.21% vs. 55.87% and 55.35%; P = 0.0139). Liver weight was higher in semiintensive birds as compared to free-range and intensive systems (32.91 vs. 26.12 and 25.32 g; P = 0.0064). Gizzard weight was maximum in semiintensive birds compared to the intensive system (23.34 vs. 18.26 g; P = 0.0234). Higher breast weight was noted in freerange birds as compared to the semiintensive system (149 vs. 119.94 g; P = 0.0010). Intestinal weight was higher in semiintensive birds than intensive and free-range systems (69.46 vs. 60.02, 52.92 g; P = 0.0005). Maximum intestinal length was found in semiintensive bird as compared to the free-range system (150.10 vs. 127.19 cm; P = 0.0017). In the interaction between genotypes and housing systems, significant differences were observed regarding weight at slaughter (P < 0.0001), dressed weight (P = 0.0001), carcass yield (P = 0.0162), liver weight (P < 0.0001), heart weight (P = 0.0285), gizzard weight (P = 0.0018), breast weight (P < 0.0001), intestinal weight (P < 0.0001), intestinal length (P = 0.0015), neck weight (P = 0.0003), wings weight (P = 0.0051), drumstick weight (P = 0.0003), and thigh weight (P = 0.0207).
Carcass characteristics
Regarding females, significant differences were observed in carcass traits among different genotypes and housing systems. BNN and RNN chickens had higher weight at slaughter than NN (1175.39 and 1168.32 vs. 1057.10 g; P < 0.0001). Dressed weight (P < 0.0001) and carcass yield (P < 0.0001) were higher in RNN chickens followed by BNN and NN. Higher gizzard weight was observed in BNN chickens than RNN and NN (26.67 vs. 19.09 and 17.05 g; P < 0.0001). RNN chickens had the highest breast weight followed by BNN and NN (P < 0.0001). Intestinal length was greater in NN chickens than RNN (142.52 vs. 123.62 cm; P = 0.0427). Higher neck weight was noted in BNN chickens as compared to NN (42.07 vs. 35.96 g; P = 0.0255). BNN chickens had the highest wings weight (P < 0.0001), drumstick weight (P < 0.0001), and thigh weight (P < 0.0001), followed by RNN and NN. Ribs and back weight were higher in BNN and RNN chickens than NN (192.79 and 189.37 vs. 167.99 g; P < 0.0001). In terms of housing systems, intensive birds had the highest weight at slaughter, followed by semiintensive and free-range birds (P < 0.0001). Dressed weight was higher in intensive birds as compared to the semiintensive system (628.83 vs. 600.24 g; P = 0.0059). Carcass yield was higher in the semiintensive system, followed by the freerange and intensive systems (P < 0.0001). Intensive birds had the highest gizzard weight followed by free-range and semiintensive systems (P < 0.0001). Intestinal length was maximum in intensive birds compared to the semiintensive Housing system P-value RNN (n = 9) BNN (n = 9) NN (n = 9) FR (n = 9) SI (n = 9) I (n = 9) In the interaction between genotypes and housing systems, significant differences were observed regarding weight at slaughter (P < 0.0001), dressed weight (P < 0.0001), carcass yield (P < 0.0001), liver weight (P = 0.0070), heart weight (P = 0.0021), gizzard weight (P < 0.0001), breast weight (P = 0.0219), intestinal weight (P = 0.0028), intestinal length (P = 0.0192), neck weight (P = 0.0009), wings weight (P = 0.0019), drumstick weight (P < 0.0001), thigh weight (P < 0.0001), and ribs and back weight (P < 0.0001). a-e Means in a row with no common superscript differ significantly at P ≤ 0.05. 1 Values are least square mean ± standard error. RNN = Rhode Island Red × Naked Neck; BNN = Black Australorp × Naked Neck; NN = Naked Neck; FR = free-range; SI = semiintensive; I = intensive; WAS = weight at slaughter (g); DW = dressed weight (g); CY = carcass yield (%); LW = liver weight (g); HW = heart weight (g); GW = gizzard weight (g); BW = breast weight (g); IW = intestinal weight (g); IL = intestinal length (cm); NW = neck weight (g); WW = wings weight (g); DMW = drumstick weight (g); TW = thigh weight (g); R&BW = ribs and back weight (g).
Slaughter, dressed, and gizzard weights were higher in intensive and semiintensive birds as compared to freerange birds. Carcass yield was maximum in free-range birds compared to semiintensive and intensive birds. The most likely explanation of this variation in carcass traits is that the quality of meat largely depends upon differences in activity level because of outdoor access. Other studies also reported that breast yield linearly increased in Sequin yellow chickens; however, thigh, leg, and foot yield decreased linearly with increasing free-range days [20] . In another study, higher breast and thigh yield were also reported in Ross male chickens when exposed to outdoor access [21] . Moreover, carcass traits improved when the birds were given access to the free-range area, which enhanced the activity of the birds and improved comfort and welfare [22] .
Regarding genotypes, RNN chickens had better slaughter, dressed, breast, and intestinal weights and carcass yield than BNN and NN chickens. Wings, thigh, drumstick, and ribs and back weight were maximum in BNN chickens compared to RNN and NN chickens.
Variation in carcass traits is due to higher breast and leg yields of slow-growing genotypes, which might be attributed to a large size of muscle fiber if achieved by muscle fiber hypertrophy [23, 24] . Variation among chicken breeds due to muscle fiber is largely associated with selection. Findings of the present study correspond with the study of Devatkal et al. [12] , who found variation in carcass traits among different meat-type chickens. Higher slaughter weight was observed for white broiler and the lowest for Aseel. However, dressing percentages did not differ among different genotypes. In this study, liver and gizzard weights were found to be higher in NN chickens than RNN and BNN, which might be due to the fact that indigenous chickens are more aggressive and active even under intensive conditions, which leads to higher energy dissipation. Similarly, another study reported differences in carcass traits between indigenous Thai and crossbred chickens [25] .
It was concluded that RNN and BNN chickens of both sexes had better morphological and carcass traits during the growing stage as compared to NN. Chickens (males as well as females) reared under a semiintensive system had maximum keel length during the growing stage compared to free-range and intensive birds.
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